The relationships between various aspects of smoking behaviour and lung cancer have been studied intensively for five decades. 1 The effects of cigarette smoking have been studied in detail, and the role of parameters like daily dose and duration of smoking has been clarified. 2 Other aspects, like pipe/cigar smoking, sex differences and pattern of incidence after cessation, have also been studied, but the conclusions are less definitive. [3] [4] [5] Most of the studies on the effect of smoking on lung cancer have included information on individuals, which is the optimal information for this purpose. The cost and effort required to carry out such studies are, however, formidable, and some researchers have therefore compiled and analysed information from existing data sources like vital statistics and regional or national surveys. [6] [7] [8] In such analyses, lung cancer incidence or death rates are observed in 5-year age groups of 5-year birth cohorts. For each group, estimates are made of the proportion of current smokers, and sometimes the proportion of former smokers, and some information is collected on tobacco consumption by group of smokers. The age-and cohort-specific rates are modelled as a combination of the rates for current smoker, former smokers and non-smokers, with the estimated proportions as weights. The rates for the groups of smokers are modelled as a function of average smoking experience. As aggregated data are used, it is difficult to interpret the results of such studies on an individual level. One way of gaining experience with these problems would be to analyse data from such sources for an area that has been thoroughly explored in individual studies.
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Such an analysis would be easier to perform for women than for men, since women have smoked almost exclusively cigarettes and have been less exposed to occupational agents that cause lung cancer.
In the present study, we used historical information on smoking habits among Norwegian women to determine traditional smoking parameters, like the amount smoked and the duration of smoking for current smokers and former smokers during a lifetime for cohorts born in 1890-1949. These parameters were used with estimates of the proportions of current smokers and
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Data on incident cases includes demographic variables. Knowledge of the temporal distribution of risk factors on the same variables makes it possible to model the relationship between disease and risk factor. The results of such analyses might be difficult to interpret since they are based on aggregated data. But the availability of these data sources should encourage further exploration of its possibilities and limitations.
Methods
The temporal pattern of smoking habits in 5-year birth cohorts from 1890-1949 was established, with data on the proportions of current smokers, former smokers and non-smokers and estimated average daily consumption of tobacco and average duration of smoking. The lung cancer incidence among the cohorts in 1953-1992 was analysed by a model which included an additive excess risk for smokers that depended on daily dose and duration of smoking.
Results
The lung cancer incidence in later decades was adequately described by the model, which showed a simple relationship with smoking behaviour in the cohorts. For both current smokers and former smokers, the excess risk was about proportional to the daily amount smoked and the 4.5 power of duration of smoking. The agespecific rates for non-smokers were close to a fifth-power curve of age.
Conclusions Even if lung cancer incidence is not determined separately for groups with known smoking habits, plausible estimates of the effect of smoking can be derived if appropriate information is available on temporal smoking habits in the population.
Keywords
Lung cancer, tobacco, women, ecological study, smoking cessation, non-smokers.
Accepted

May 1999
The former smokers to model the lung cancer incidence in the cohorts between 1953 and 1992. We used the models to estimate the effects of smoking behaviour and to explore time trends in the incidence of lung cancer among former smokers and non-smokers.
Material and Methods
Most of the data on smoking habits used in the present study were taken from a previous report by Rønneberg et al. 9 which described smoking habits in Norway during the 20th century. The data for current smokers were presented for 5-year age groups and 5-year birth cohorts. That study was based on national surveys from the 1950s onwards, some of which derived retrospective information on smoking habits, and on sales and production statistics for the whole period. The reader is referred to that publication for more detailed description of the data sources and the estimation procedure. We also used data on tobacco consumption from that study. For periods before 1930, we extrapolated backwards from the estimated trends after that time to obtain the average number of grams tobacco used per day. The average increased from about 5 g in 1910 to about 12 g in 1985 for women, interrupted only by a small decrease during the Second World War. For a given period, we assumed that the same amount of tobacco was consumed by smokers in all age groups as the results for later decades indicate only small variations with age.
Rønneberg et al. 9 did not give explicit estimates for the proportions of former smokers by birth cohort and age, and these were prepared especially for the present study. Within each cohort the proportions of current smokers by age were well described by uni-modal curves. For each cohort we assumed that there were no former smokers as long as the proportions of current smokers were increasing. On the other side, a decreasing proportion of current smokers was attributed to cessation of smoking, still while a higher mortality of smokers versus nonsmokers was taken into account.
Only a modest graduation of the original estimates of the proportions of current smokers was necessary in order to define the age group with a peak number of current smokers in each cohort after which the percentage of current smokers did not increase. This peak level was reached around 1955 for cohorts born before 1930 and around 1970 for later cohorts. Accordingly, the peak level was reached at the age of 60-64 for the 1890-1894 cohort and at the age of 20-24 for the 1945-1949 cohort. The proportion of current smokers in this peak group was the starting point for the estimation of former smokers.
It is well recognized that smokers have a higher total mortality than non-smokers. Consequently, the proportion of current smokers will decrease by age if there are no changes in the smoking status of the cohort members. For each cohort, we estimated the decrease in current smokers due to selective mortality for age groups after the peak age. This gave an expected proportion of current smokers, assuming that none of the current smokers at peak age quit smoking. For the age groups after the peak age we estimated the proportion of former smokers as the difference between the expected and observed proportion of current smokers. The computations of expected decreases were based on the age-specific mortality among females in Norway in 1971-1975 and the following relative risks for smokers versus non-smokers: 1.5 for ages 20-59 years, 1.2 for ages 60-69 years and 1.05 for ages 70-79. These relative risks were chosen on the basis of former studies of mortality by smoking status in Norway. 10, 11 In each age group the former smokers were divided into 5-year subgroups according to length of cessation without further adjustment for potential smoking-related differences in mortality.
Current smokers in each age group were assigned a daily amount of tobacco determined by calendar period. Smoking variables were accumulated for each cohort. For age groups over 15-19 years, the daily average throughout the whole smoking period and the mean duration for all current smokers were computed by taking into account former smoking and the changing proportion of current smokers in the cohort. The first group of former smokers, those who had stopped smoking during the last period, were given the duration of smoking and daily consumption of current smokers 5 years previously in the cohort. For the other groups of former smokers, the smoking variables were, of course, unchanged.
The Cancer Registry of Norway has been operating since the early 1950s, compiling information of new cases of cancer throughout the country. The registration system is built on multiple reporting from pathological laboratories and hospital departments, and there is a compulsory reporting from physicians. Additionally, there is a close co-operation with Statistics Norway which runs the Cause-of-death Registry.
The analysis covered results for the 5-year birth cohorts 1890-1894, 1895-1899, ..., 1945-1949. The incidence of lung cancer was observed in the 5-year age groups 30-34, 35-39, ..., 75-79. In an age-period-cohort scheme, age and cohort are exact but periods are partly overlapping, centred round 1 January 1955, 1 January 1960, ..., 1 January 1990. The design gave between three and eight observations of lung cancer incidence in each cohort.
The analysis was based on 71 data points, and the variables included the number of incident cases, person-years, the proportion of current smokers, the proportion in six groups of former smokers who had stopped smoking 5, 10, ..., 30 years previously and, for the groups of smokers, the average consumption of tobacco (g per day) while smoking and the average duration of smoking (years). Summary information on the variables is given in Table 1 . The analysis was performed within a model implying that smokers and former smokers have an excess risk that is proportional to a power of average consumption and another power of duration of smoking. The incidence for non-smokers was modelled as a power function of age. The number of incident cases was assumed to follow a Poisson distribution with expectation equal to the product of the person-years and the rate.
In the basic model, the rates may be written as follows:
where e = natural logarithm base p cs = proportion of current smokers p fs(i) = proportion of former smoker in group i, i = 1, 2, ..., 6. AGE = 32.5, 37.5, ..., 77.5, i.e. the mid-point of the interval X = average daily consumption of tobacco for the actual group DUR = average duration of smoking for the actual group α, β, γ, θ, δ are unknown parameters estimated from the data.
In the analysis the effect of smoking was lagged by 5 years so the incidence rate in a cell is associated with the information on smoking for the 5-year younger group in the same birth cohort. Additional analysis of time trends in excess risk for smokers and in risk for non-smokers was performed by multiplying terms of the form (1 + β i × 'time') to parts of the basic model.
The goodness of fit for the models was evaluated from the deviance and the effect of separate variables was tested by likelihood ratio tests with a 5% level. 12 Estimations were made with the program for maximum likelihood estimation in BMDP. 13 
Results
The incidence rates that were analysed are presented in Table 2 . A trend towards higher rates in younger cohorts is seen and the pattern is shown to be in accordance with an age-cohort model. 14, 15 The fitting of the model gave a deviance of 82.81 and with 66 degrees of freedom, this indicates an acceptable fit. An inspection of the deviance residuals gave no indication of poorer fit in particular parts of the material. The estimates of parameters in the model are presented in Table 3 .
The power of the curve for non-smokers was estimated to 4.9. There was a slight but significant upward curvature in the effect of average tobacco consumption. The effect of duration of smoking was given a power of about 4.5.
Several modifications were made to test the stability of the results and special issues. The effect of factors other than smoking could influence the rates for both smokers and non-smokers. Without quantitative information on those factors, they cannot be tested explicitly but if they have a monotone development with time, their effect could be reflected as a time trend in the rates. The addition of a parameter for a linear trend by period to the excess risks for the groups of smokers did not improve the fit of the models. Inclusion of a linear trend by period in the rates for non-smokers indicated a decreasing trend, βˆ1 = -0.046, standard error = 0.033, but it was not significant. There is still some uncertainty about the pattern of risk for exsmokers by time since cessation. Separation of former smokers into groups by duration of cessation made it possible to estimate the effect of time since smoking. Inclusion of a linear term for this effect indicated a decreasing excess risk by years since smoking, βˆ2 = -0.022, standard error = 0.042, but it was not significant. In the basic model powers of daily consumption and duration were the same for current smokers and former smokers. Models with separate powers were fitted but did not significantly increase the fit.
Discussion
We have shown that the lung cancer incidence among Norwegian women in recent decades can be described as a simple function of age and of smoking habits in each birth cohort. The excess risk for smokers was related to daily consumption of tobacco and duration of smoking. The main results of our analysis of aggregated data were in reasonable accordance with those of studies on individuals.
Several authors have pinpointed the separate roles of daily dose and duration of smoking in the risk of smokers for lung cancer. 3, 16 Our results indicate that duration is the stronger factor, with a power of approximately 4.5, a result quite close to that in the British Doctors study. 17 Doll and Peto studied lung cancer risk among smokers and not excess risk as we did, but for ages above 40 the difference between these two concepts diminishes. Our estimated power coefficients for average tobacco consumption were lower, 1.5, indicating a curvature close to that of Doll and Peto 17 , but it is doubtful whether these coefficients can be compared owing to the differences in the range of tobacco consumption in the studies. Further we cannot exclude the possibility that our coefficients are attenuated because of the aggregated nature of our study. 12 Our results indicate that the lung cancer incidence among non-smokers can be approximated by a fifth power curve of age, a result close to that of an analysis of men from the American Cancer Society 1960-1972. 18 Others have suggested a fourth power curve 17 , but a power curve to 5.5 has also been proposed. 5 The resulting estimates of lung cancer incidence by age may be a little smaller than those given by other sources for western non-smoking populations 1 but the differences cannot be considered decisive. Our estimates for Norwegian women are in accordance with the results of a cohort study with follow-up from 1965. 19 We found no significant trend by calendar period in the lung cancer incidence among non-smokers, as was found for male lung cancer mortality in the United Kingdom. 7 Changes in air pollution were suggested as the explanation. To our knowledge air pollution has not been associated with lung cancer incidence in Norway. Engeland et al. found an urban/rural ratio 1.3 for males and females after adjusting for smoking behaviour and occupation but did not exclude the possibility that the ratio was a result of residual confounding. 19 We also found no trend in the excess risk for smokers by period. Given the modest role that air pollution may have in Norway, we doubt whether any changes would be reflected in our figures. There do not appear to have been any changes in the lung cancer rates for non-smoking women between 1960 and 1986 in the United States. 20 Separate terms for the excess risk of former smokers were included in our models. We found no significant trend in absolute excess risk by duration of cessation, but a constant absolute excess risk imply both a reduction in the risk for former smokers relative to current smokers and non-smokers by time since smoking. The literature provides no definitive pattern of excess risk for former smokers. 5 Halpern et al. reported the results of what must be the largest study of lung cancer among former smokers, 21 which indicated the importance for subsequent excess risk of the age when stopping. In their material, the death rate from lung cancer seems to be constant for many years after cessation, with an upturn in people over the age of 75 years who stopped smoking after the age of 50. We cannot expect to detect such details in the pattern in our aggregated analysis, but we reproduced some of the main features of the lung cancer risk for former smokers.
The quality of the data we used in our models varies and uncertainty is attached to each of the data elements. The data on current smokers from the 1950s onwards are based on national surveys of reasonable size and defined sampling plans. The estimates of the proportions of current smokers and of the consumption of tobacco for these periods are probably of higher quality than the estimates for periods before 1950, which are based on retrospective questions in later surveys and on calibration of statistics on tobacco sales. 9 Consumption data before 1930 are based on a backwards extrapolation from data after that time and must be considered an educated guess, however, this uncertainty influences only the early years of the older cohorts.
Estimates of the proportion of former smokers can be found only in a few of the surveys that were available, and we had to develop a procedure from the data at hand.
In our procedure, we used figures for the mortality risk for smokers relative to non-smokers that are smaller than those found in later studies. 22 There were several reasons for this; relative mortality is intended to cover that of current smokers and former smokers as a group relative to non-smokers and covers the period 1950-1980. At that time, the average daily amount of tobacco consumed during a lifetime were 6-10 g for smokers and some people in the older cohorts had smoked for a relatively short time.
The figures for current smokers and their average consumption of tobacco were based mainly on self-reported answers in national surveys, with possible underreporting and a preference for rounded figures. Most of the surveys were not related to health issues, but were omnibus surveys conducted by commercial companies or addenda to the Labour Force Surveys of the Central Bureau of Statistics. Lund suggested that the latter data source resulted in a slight underestimate of daily consumption. 23 The estimates for consumption were partly based on information about weight and partly on number of cigarettes. We took the weight of a cigarette to be one gram.
The data on cancer incidence came from the Cancer Registry of Norway, in which the completeness of registration of solid neoplasms is close to 100%. 24 The percentage of histologically verified lung cancer cases increased from 77.4% in 1953-1957 to 91.2% in 1988-1992. 25 The analysis was restricted to people below the age of 80 years to avoid increased diagnostic uncertainty.
The results of the analysis are encouraging, and such models should be useful in analysing differences between populations where only aggregated information about smoking behaviour is available. These models could also be used to forecast lung cancer incidence when the consequences of various smoking patterns are investigated.
